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Honeycomb Sandwlc*’ Fanels" 

I^iTROnuCTIOf. t 

Processina of advanced non-flammable Dismaleim.idc-typo 
Nomex Honeycomb Core sandwich panels is a still existino 
problem, Nev; rosins and fabrication processes to obtain 
hlch flatwise tensile properties are still requested. Under 
this contract (f;ASW - 3081) a fami.y of nev/ resins (Code 
F(751 and Code M75C) will be evaluated for the 

- fabrication of improved qlass fabric face sheets by use 
of resin N751, 

- fabrication of improved Nom.cx-Pclybismalcim.ide Honey- 
comb core by use of resin K756, 

In addition a nev; hot melt (non solvent) Bisnaieirr.ide- 
type rc-sin will be formulated to overcome tne state of the 
art Eoivent-resin technology, v/hich is still used for the 
fabrication of glass fabric prepregs. 

This third Quarterly progress report summarises the v/ork 
performed during the period January, February and March 
1978, 

M?51t 

The chemistry of this resin v/ar- provided In the first 
n-jcrlcriv : ronrrrs rcro: t cnc c *f. ko b.*<tch of thr -mat- 
eria! (b/^'^rh no. T/ ) v/r.r delivered to r;/.SA-.’.:..or Feserreh 
Ct-.tre in L'esember '’977, To fabrirnie ICO kn of o’arr 
fabric rrep'-far g nev fC kc (• rr 'h • . . 1 e* tii- 

rrrln v ar r r*cc!;;rird cf. r r.i . ; • t rrz.li . 7:,f 

resit, propert.ier of this batch (T^. ) r-rc provided in 
Table 1 and compared with those of former hatcher. 
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Neltlno fcohavlour of the rerlnt 


Ac a ouality cor.trol the melting behaviour of the resin is 
tested by ucino the Du Font Thermal Avnalyscr 900 in com- 
cination with the DSC-unit» Fiaoro 1 presents the DSC- 
trace of the neat uncured rosin, Ac compared with the 
10 kg delivery of December (batch T^), the onset temper- 
ature (Vos) and the peak temperature (T max) ore lower, but 
hiaher than those of the typical laboratory batch (LD), 

The scale up of the laboratory procedure for the resin 
fabrication can lead to a batch to batch variation of the 
melting behaviour. But these variations obtained for all 
batches tested (table 1) are not significant for the use 
as a laminating resin. 

Density of the neat cured resint 

Thr density of the cured resin is used to test the poly- 
merlsaticr. behaviour and the flov/ properties of each resin 
batch. The procedure to prepare a dense void free trans- 
parent resin disc (thickness 1 - 2 mm) is given below. 

Tooling: heated platen press 

1) Preheat mould parts or platen press to 180°C, 

2) Preform the resin powder at room temperature at 
300 - 400 kg/cm^, 

3) A\dd the preformed M751-pill to the heated mould or 
between the platen press, 

4) Heat tilt preformed f'.75i-oill for 10 n.lnutcs at 180°C. 

' ) Ap' 'V r : essui r ( 20 - 50 ko/cr.*'). 

(Tr.c press. irr should hr aprlied slowly to peeve:. t 
St:': out of rosin), 

') Hc-c icr 5 minutes at 1P0°C. 

7) Heat to 220°C and cure for one hour, 

8) Post cure for 15 hours at 210 - 220^C, 


A 


If no mould to preform r"751-pov.»der is available the MVbl 
powder can be moulded betwecen aluminium foils alternatively. 

Qy use of this procedure a dense void free neat resin sample 
can be cut from the centre of the disc, v;hich is transparent 
and useful for the density me«isurements. The ability to 
obtain a dense transparent moulded neat resin disc shov/s that 
good flow properties are to be considered. These tests also 
showed that the resin Is useful for transfer mouldinOf The 
densities’ obtained for the different batchr-s a»^e between 
1,29 - 1,32 g/cm^ (table 1). 

Viscosity- time profilet 

The usual prepregolng technology is based on lov; viscosity 
impregnation varnishes to apply resin onto the reinforcement. 
Drying of the prepreg is necessary to strip off solvent. 

Because of the chemical reactivity many Blsmaloimlde-type 
Resins tend to advance in solution leading to increased 
solution viscosities. The advancement depends on the temperature 
and the solvent system used. For the resin system K7bl 
the preferred solvent is K'f'tP (N-methyl-pyrrolidon), but 
DMAC ( Dlmethy lacetamide ) or DliF (Dimethylformamide) can be 
used as well. The figure 2 provides the viscosity-time profiles 
for the K751 resin batches T^ and Tg. Batch Tg v;as measured 
in all the three solvents mentioned above. For 50^,. bv' weiaht 
solutions DI:F gave the lov;est viscosity and f.T.F the hichect. 

Ail the vlscosi cy-time profiles oblalnec arc typical for th'' 
resin i:75l. 

in F’curc. r there Is rrovld::: the vls“osity profile o. <■. 

AV by vcicht oo''ution of resin Tg dissolved in f.'MF, which 
is coded To* This is the solution ’..’hich was preparec from 
batch Ig resit, and delivered tc the neorea-conpany to fab- 
ricate the IOC ka class fabric rreoreos. This solution was 
aced at two different temperatures. 

original page b 
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- at room tenporature to compare with other batches, 

- at v;hich is the cool- room temperature of the prcpreg 

company. 

As was to be expected at low temperature (4°C) only a slow 
viscosity Increase upon ageing is obtained. 

At this point it is necessary to consider a glass fabric 
prepreg as a resin solution because of the rest solvent content 
of 2 - 10*i by weight. Therefore It is clear that advanclno of 
the rosin v/lll occur unor. aceing on the preprec even at room 
temperature, and simultaneously will lead to a loss of f lov; 
prooerties. From this point of view resins that shov/ viscosity 
stable impregnation solutions v;lll produce prepregs v.'lth 
Improved storage liie, 

Prerreo fabricatlont 

According to contract NASW-3081 two types of glass fabric 
prepregs from resin 1'751 had to be fabricated and delivered 
to NASA-Anes Research Centre, 

A) £0 kg from glass fabric US-style 181, Resin content 
around 30 - 35% by v;eight, rest solvent content* as 
low as possible to produce (around 3 - 5 % by weight), 

E) 50 kg from glass fabric US-style 120, Resin content 
around 35% by v;eloht, rest solvent around 15% by 
v.'clght to obtain drepe and tack. 

For this purpose a 47% by v;eicht solution (120 kc) of the 
resin in NI'.P was prepared by Technochenle anc delivered to 
the preprec. company (I'irm.*. Aucrjst K- OiTC? : , Vn ihlnger./ 

i- i; . - l.. i.v; ihl r.oc' , rcr.c::rn , L=ur dr .r repub. ik Dcutsch- 
iai,:;). Liotn oreproo typer, v.’oro produced by u.ning .'^ter.dard 
industrial preprccaing cquir-cr.t on r-.arch '!3tn, \91t. 

The follov.-ina preprec properties were obtained: 

pren'T? GGHIl 300C (this is the olo.ss fabiic style 181 materiel) 
Resir;; I ‘751 

Preprec Area weight 
Glass fabric v/elght 


PAGE IS 

iluOR (JUALITY 290 g/m^ 


- € - 


37,9 - 39,3 % by v/eiqht 


Fecin content ( 1) 

Solvent content (2) (loss on dryinq 

10 minutes, 1C0®C) 2,4 

Solvent CO;. tent (3) ( loss on dryinn 

2 hours, 210®C) 5,1 

Flov/ (4) 16 


2,7 % by v.'ciqht 

5,3 by v;eight 
20 IS by v;olght 


Prcpreo CGMM 1007 (this is 

r reprog Area v.’cloht 
Glass fabric v/e’ght 
Fesin content ( 1 ) 

Solvent content (2) 
now (5) 


the glass fabric style 120 notorial) 

163,5 g/n^ 

103,3 g/m.^ 

3C,8 % by weight 
17,7 % by weight 


(1) Kesin content ■ Dry resin and Rest solvent 

(2) As determ, ined b'» the prepreggor 

(3) As determined by Tcchnochcr.io 

2 

(4) 6 layers of prepreg, pressure 20 kg/cm , temperature 
170°C, sise 7,5 x 7,5 cm. 

2 

(5) 10 layers of prepreg, pressure 20 ko/cm , temperature 
170®C, sise 7,5 X 7,5 cm.. 


At the prepregger, the solvent content is usually determined 

by dryina the prepreo for 10 m.inutcs at .SO^C. But it is 

v;ejl knov.T. that higher temncrcturer arc necessary to strit: 

fff all the solvent retained. The loss on drying at our 

0 

laboratory is determined by diyinc the prenreer at 3 C C 
for r hou'r i.n a ci.’ culat Ine clr :v , 

1 •. ' t r- r ate rial s rt . ~ 1 f 1 <• d a; hav*. r-. r. . : v>' • • ••; 

"c : .'.cscarch Cen* -‘c on I.~rr:h 13: c, /I'T". 

r-:v’i-iC cutvc.s fc:- l/.-'j". / ‘ C. . - n cr- : .:a 

The tvrical laboratory procedure tr prepare pr.'precr consists 
of passing dried class cloth throuc.i the 4r' - 50b by ;;cicht 
soljtion c: the 1171)1 - Resin and reroval of excess resin by 
passi.na the ir.prccmatc between a pair of *^tocl rollers. To 
adiust a specific rest solvent content the prepregs are drieo 


7 


in a clrculatina air oven# The rest solvent content is a 
function of the dryinq temperature and the dryinc tine used. 
Figures 3 and 4 provide the drying curves for K751/161 - 
prepregs, prepared from NMP and Df'AC solutions, at various 
drying temperatures# 

As was to be expected, high temperatures are necessary to 
adjust low rest solvent content in the prepreas prepared 
from KKP. For moulding thick laninotcs, a very low solvent 
contof.t is necessary to obtain oood high temperature mechanical 
properties# 

If we compare th#^- prepreg quality for the lOI-style material 
of the prepr<»gaer ( S « rest solvent content) with the exper- 
imentally determined drying curves , v;e can see that drying 
for 15 minutes at 140°C in a circulating air oven will pro- 
vide the same rest solvent content tas obtained by the prepreg 
Manufacturer# 

Curing cycle for M751/181 - lanlnatest 

The following curlno cycle was used to prepare a 10 layer 
(10 X 10 cm) laminate from prepregs fabricated by the pre- 
pregger# 

Tool 1 no: heated platen press 

1) rreheat nlaten press to '170®C. 

-) Ir.Ecrt f. star’: of 10 layers of rrcr.rtTs 

a'.urinlun foils into the press, 

3) riss cor. t.*! St for one m.inutc, 

4) App’y pi eesure- of ?C to 40 kc/cm/ , 

5) no.'d tfe r aturr and p; cssure :'cr t'..o heu: . 

6) Cool to rocn:: temperature, 

7) Post cure for 15 hours at 210^C. 

The iollov.’ir.o room temperature m.cchanical pronertlcs of the 
laminate are obtained. The flash ( scueecc out) v;as 57.. by 
v.'ciaht# 

0KI'’»'NAL FAQK tt 

£ book flOGRETTVI 

- 8 - 



Laminato proportlrrt (M751/181 - 10 layer laminate) 


Laminate thickness 
Hesin content 
Density 

Flexutal strenath (1) 

Flexural modulus 
ILSS (2) 

(1) Span to depth ratio 16:1 

(2) Span to depth ratio 5:1 


2,3' r.r 

32 h-’ v.’cipht 

1,86 q/cr.^ 

556 N* mm 
23,4 KN. mn“- 
53 N', mm”" 

(AS7K D 790 - 66) 


• Thermal qravinotrir stability of M751 - Rosin 

The TGA-curve for the neat N751 - Resin (botch T^,) is pro- 
vided in fioure 5. The sample invcXtloated war moulded 
or. described for the density sample preparation. For com- 
parison the TGA-curve of the resin flash obtained fro the 
moulded laminate is provided too (figure 5). It can be 
seen that the TGA break of the m.atcrial that has boon in 
contact with the solvent N-f.othy Ipyrrol Idon occurs at lower 
tfcmperaturcs. Also the char yield is lower. This example 
again shows that processing of hiah temperature non-flamm- 
eblc resins by using hioh boiling solvents has to be done 
very carefully to prevent high residual solvent in the 
laminate. For thin face sheets this pheno-monen is not so 
criticu. because poet drying of the cured tni.n : aco sheet 
ca.n provic- r; .rv.< rest rolvcm; content. Thc' cfcrn t 
ioliov.’ing curinc procedure for tnc fabrication of K.7M/1F ^ - 
orcereqr is r •■con-mt .ic! . . : 

■! ) Jii? t f t ' ; I netirr • . " ‘ ‘ 

■ ■ 'v’e- ‘ <•, . II- if.: r (r . . 

! c *car( ) . 

2) Po.‘‘t cure for 15 hours at 2X°C in a circulating 
air evcf.. 

This cycle !c used by Tcchnochemic to cure l‘.751/1dl prcr.*'cg 
face shoots. 

k * 
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Resin M756 


Brislc Improvements for the production of snndwlch construction 
compr Isinq strong thin focinos (Blsmalolmldc-typc) and a thick 
llQhtwelaht honeycomb core need to be developed. The approach 
In mind Is to bond B-staqc face sheets (M751/181 prepregs) to 
a B-stage blsmalelmldc-resln Impregnated honeycomb core in one 
step. Blsmalelmlde-type B-stage N'onex honeycombs are so far 
not available. Vo Impregnate prime cured Nomex honeycombs 
the resin 1. 75 was selected because it Is soluble in low 
boiling solvents like acetone and tetrahydrof urane, kesin 
chemistry v/as provided in the last progress report (Dccembc: 
1977), also a 1 kg sample of this resin v;as delivered to NASA 
Ames. This resin of the first delivery is now coded Resin 
M75C-1. In contrast to the former, this resin gave no stable 
solutions in acetone or THr. We lhc;efore again relnvestiaated 
the molar ratios between m-maleimiclo-bencoic acid chloride and 
dlamir.odlpheny Isulior.e The chance to a molar ratio of 1*0,7 
gave an acetone and THF soluble material. 0,5 kg of this nev. 
resin was delivered to NASA-Ames Research Centre at the end cf 
Karen 1978. Viscosl ty-tlme profiles arc under invectioatlon. 
The followinc startlnc viscosities arc obtained? 

Sample: Resin M756-2 (Batch no. K1234/3) 

- by weight in acetone 2,G4 eSteker 

- 50‘1 by v/tlcht in THF 2*1,73 cStokcr 

The viscosity-tine prefiles for this nedif Icacicn arc stilw 
under invcstlcatiCQ. 

t,-, rr.rP'.irh r-r v ; 

1 '‘ic n: v*.-or'">ent. c: Lls' alciridv :c.cir. typ.. e‘. per.-: r 

1; Wrr t ro-;’rur.r, :• cor.clrtc cf t-hc . 

1) Preparation o. i a'’c- rnretr f t orr. - n-oprrgr 

T) revel op: c nt r: ?. 1 <ihr.r a i or y rroc»'duri fo* 

I’omex r'’ff hc 't'yror'.' f'orr- 


driginae PAG* n 
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3) Lvalufttlon of the flat\/ise tensile properties of 
coT.pcritc oanels fabricntcd frorr, L-rtaan f-;75l/‘l81 
: ■ . r.hcetc .onf-x M7i>f honeyconb core by o one- 

ct-. r curino proccsc. 

a<ld* 1) The face sheet dcvolopr.cnt Ic finished and the pre- 
paration of cured samples Is performed os Given 
above. For the onc-step bondlna the prcpreoc or. 
delivered by the prepreqaer will be used, 
add. 2) Initially it was tried to prepare by simply immersino 
the prime cured flomex cote in a So% by v/eiaht sol- 
ution of r*75€-1 in acetone, followed by drylno at 
room temperature to 100°C in a circulatino air oven. 
This procedure led to non-uniform Imprcanation end 
to a blistcrino off of the dry brittle resin in the 
uncured dried state, because of the lov.* film forming 
properties of the F.75C-aco*-one varnish. Several 
ether solvent combinations v/ere therefore tested and 
it v;as found that uniform impregnation could bt 
obtained by using a high boilino solvent like Df'AC 
in combina’^lon with tetrahydrofurane (THF). Solvent 
rorrbinations of 5 - 107^ DMAC and 9f) - 90V- THF are 
preferably used. Fesin concentr.^tions of 2S - 30% 
provide a rosin pick-up of the honeycomb of 3C - 32% 
by weicht. Stepwise drying in a circulating olr 
oven produces dry D-staco honeycomb material. 

Ar a result ci this ric-liminary invcstigotioi. , it 
re • r. to be iaMoncl to cor. rider net onlv 1 .7t C -t:cslri 
f c: iicnoycort' Irr.prc'u.srion, since- s rnal ' ar.our.t of 

hi n. boi’li.c solvent if ncccsravy to rrodure rtal'.r, 
uniiormly ir.rreanctc-c C-ctage hcncycorb core. 

As the next step, the detailed procedure for the 
iripregnation will be v/orked out and the compressive 
strci.oth of cured Ilomox M75C iionoycombs will be 
evaluated. 
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add, 3) 


Base-line panels which will be used for coripariscn 
have been fabricated (flatwise tensile properties) 
by use of ar epoxy film adhesive, Konex phenolic 
resin honeycomb core and M7b1/181 facinns. 

Hot melt resin t 

This resin (1 ko) will be delivered at the end of t’ay. 


Dr.Sts/sy 

J \'V(t 

3lst March, 1978 
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Solvent content l%] 


''‘-Tur. , .DRYING CURVES for M751I181-PREPREGS 

o NMP.IOS’C.dry resin content 3i,.35% 

- ° NMRKO'C.dry resin content 35.38% 

^ NMP.160’C.dry resin content 39,95 % 

\ 1 NMP.ISO'C.dry resin content 39,10% 

! jgA\ 



Solvent content /%7 


Fl^cur* I DRYING CURVES for M751I181 PREPRE GS 

o DMAc.UO’C.dry resin content J4,4J% 
o DMAcJGO'C.dry resin content 3U,98% 
DM Ac. 180' C, dry resin content 3t>,55% 




= TGA-THERMOGRAMMS OF BISMALEIMIDE RES;:.' M751 




